Introduction
In 2013, 12.8% (95% confidence interval (CI): [12] [13] [14] of Staphylococcus aureus isolates from blood culture in Germany were found to be resistant to meticillin in laboratories submitting data to the European antibiotic resistance surveillance network (EARS-Net), placing Germany below the European average of 18% [1] . The prevalence of meticillin-resistant Staphylococcus aureus (MRSA) bacteraemia is now within the middle lower range of those reported in Europe.
MRSA infections in Germany are thought to be mainly healthcare-associated (HA) with only a small proportion, which are community-associated or livestock-associated [2] . HA-MRSA especially affects persons above the age of ca 50 years. Due to unknown reasons, the prevalence of HA-MRSA is higher among men than women as well as in the northern than southern states of Germany [3, 4] . In addition, livestock-associated MRSA may account for ca 8% of MRSA isolated from blood cultures in regions with a high density of swine farming [5] .
Analyses from voluntary laboratory-and hospitalbased sentinel surveillance networks for different types of specimens and settings suggest a decline in the incidence of MRSA infections in Germany, subsequent to at least 2010 [1, 2, 6, 7] . These networks are not part of the mandatory reporting system and are not representative for all of Germany. Many of them, such as the EARS-Net, report data solely on the proportion of meticillin resistance among all tested S. aureus isolates, which are difficult to translate to incidences. We therefore asked whether or not a similar decline could be seen in the statutory surveillance system for invasive MRSA infections, which was introduced in 2009 and allows the direct estimation of incidences [8] .
Methods

Study design
We conducted a retrospective cohort study including the total of the population in Germany. Cases were identified by the mandatory notification system for invasive MRSA infections, which was introduced in 2009. We limited the analysis to the period from 2010 to 2014, since 2010 was the first year with a full year of data collection [8] . As possible confounders or effect modifiers we included sex, age and area of cases' residences.
Case notifications
Microbiological laboratories are required to notify patients with MRSA positive blood culture or samples from cerebrospinal fluid (CSF) to the local health authorities. Valid tests included in the case definition and reference definition (used for this analysis) are culture combined with meticillin sensitivity testing or with detection of the MecA gene, e.g. by polymerase chain reaction (PCR). The local health authorities subsequently add respective clinical data to these notifications and transmit them via the state office to the national surveillance database, which is maintained at the Robert Koch Institute. The German Protection against Infection Act mandates transmission to this database within two working days after diagnosis. To avoid multiple notifications of the same patient, subsequent notifications are excluded if reported within two weeks [9] .
Data on the following case characteristics are transmitted to the Robert Koch Institute: sex, month and year of birth, the district of the patient's home address, the place of possible exposure, the date of the notification, the date of disease onset, the laboratory methods used for diagnosis (type of specimen and test used), whether or not the case fulfils the reference definition (independently of other variables), clinical symptoms, date of death and whether or not the death is due to an MRSA-infection, hospitalisation dates, whether or not the case is connected to an outbreak. The clinical case definition for invasive MRSA infections, as used by the German surveillance system, requires the patient to have at least one of the following symptoms: fever (≥38.5°C), signs of endocarditis, meningitis, meningoencephalitis, meningomyelitis, pneumonia or sepsis. However, the presence or absence of clinical characteristics does not change the necessity to notify this case to the authorities.
Since August 2011, information on HA infection outbreaks of epidemiologically-linked nosocomial (symptomatic) infections are additionally transmitted from local public health authorities to federal states and from there to the Robert Koch Institute [8, 10] . In contrast to the notification of invasive MRSA infections, these notifications include information on the number of all affected patients; thus cases with non-invasive MRSA infection such as colonised cases are also included.
Data of notifications of invasive MRSA infections were extracted from the national surveillance database at 
Population denominator
Aggregated population data in strata of age, sex, German federal state and calendar year (31 December of the preceding year, i.e. 2009 to 2013) were downloaded from the national institute of statistics (www. destatis.de) on 7 October 2014.
Statistics
We used chi-squared tests to compare categorical variables and Kruskal-Wallis tests to compare continuous variables between years. To calculate the annual incidence of invasive MRSA infections we categorised infections by the year of notification based on the epidemiological week number rather than calendar years. We then divided their number by the population at risk, i.e. the population on 31 December of the preceding year. We used chi-squared statistics to calculate confidence intervals around risk differences and risk ratios (RR) and to test for differences in incidence between years. We classified age in the categories shown based on the age distribution of the cases. We chose German federal state as the geographic level for analysis since a finer break down would have resulted in many empty or sparsely populated cells. For the differentiation in rural and urban areas we relied on the official German categorisation in urban ('kreisfreie Stadt') or rural districts ('Landkreis'). Some districts are excluded, since they comprised urban areas together with the surrounding rural area. For notifications with several places of a possible exposure we only included one in the analysis, prioritising foreign countries over Germany and other German states over those that equalled the notifying state. Since earlier software The asterisk marks significant differences (p < 0.05) between 2012 and 2014. Only notifications marked as fulfilling the reference definition are included. a 12 cases of 20,679 were excluded due to missing data for sex or age.
products automatically set the place of exposure to the notifying state, the answer 'unknown' and 'same state as notification' were grouped together as one category.
To assess the presence of effect modification we used the Mantel-Haenszel test for homogeneity. Throughout the analysis, tests were considered significant if the p-value was below 0.05.
We analysed the data with Stata SE13 (College Station, Texas, US). Maps were produced by Regiograph Planing Version 13 (GFK GeoMarketing GmbH, Germany).
Reporting
We followed the recommendations given in the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [11] .
Ethics
The study was based on the statutory case notifications as mandated by the German Protection against Infection Act. These data were available in anonymised form at national level. Ethical approval for analysis of such surveillance data are not required according to the Medical Association's professional code of conduct.
Results
Case characteristics
Between 2010 and 2014 there were 20,764 notifications of invasive MRSA infections in Germany. Eightyfive (0.4%) of them were excluded, since the reference definition was not fulfilled, resulting in a final study population of 20,679 notifications.
The characteristics of the included cases by year of notification are shown in Table 1 and 2. While the age distribution of the notified cases remained remarkably stable over the years, there were a number of other small but statistically significant changes. These include changes in the distribution of cases between the sexes, the German federal states, rural and urban areas, the type of specimen used for diagnosis, the proportion fulfilling the clinical case definition, several clinical symptoms, the proportion hospitalised, those with dates on disease onset and hospitalisation, those with a hospital onset of the infection, the mortality and case fatality ratios. Notable is an increase in the proportion and absolute numbers of patients with clinical signs of sepsis between 2010 and 2013, as well as those with sepsis due to a central vein catheter or other invasive access. The absolute numbers in both categories of cases however declined again in 2014 as compared with 2013.
Only few notifications of invasive MRSA infections were marked as being associated with a nosocomial outbreak (such notifications are independent of the transmission of data on nosocomial outbreaks as introduced in 2011). These amounted to a total of 204 of 20,679 (1%) for the whole study period, 37 of 3,754 (1%) for 2010, 37 of 4,227 (1%) for 2011, 31 of 4,485 (1%) for 2012, 40 of 4,372 (1%) for 2013, and 59 of 3,841 (2%) for 2014 (p = 0.002).
Remarkably, in patients with known disease onset and hospitalisation dates, few episodes (39%) of illnesses due to invasive MRSA occurred while patients were within the hospital. HA-MRSA infection was defined as disease onset later than the second day of hospitalisation but before or on the day of discharge.
The case fatality rate was 8%, with small but significant variations between the years. The cases with known dates of death and disease onset appeared to have a relatively short time between illness onset and death, with a median of seven days (interquartile range: 3 to 18). This short period can be explained by an underreporting of later deaths due to an undefined time point for follow-up by the public health department.
Possibility of recurrent infections
Even though unique personal identifiers are not included in the final dataset, we tried to assess the frequency of persons with repeated episodes of MRSA infections per year. We analysed the dataset for repetitions of the same combination of birth month and year, sex, district and notification year in the dataset. Over all five years (n=20,679 cases), we found 490 (2%) of these repetitions per year, suggesting that more than one episode of invasive MRSA infection in the same patient was rare. Of note, 71 (14%) of the repeated notifications were within two weeks of a previous notification, allowing for the possibility of double entries of the same episode.
Trends in the incidence of invasive meticillinresistant Staphylococcus aureus infections
The incidence of invasive MRSA infections in Germany increased from 4.6 episodes per 100,000 persons in 2010 to 5.6 per 100,000 persons in 2012. With 5.4 episodes per 100,000 persons, it remained high in 2013, before dropping to 4.8 episodes per 100,000 persons in 2014. The risk difference and risk ratios (RR) between consecutive years are significant, with the exception of the years 2012 and 2013 ( Figure 1 ). Results did not change appreciably when including all notified cases regardless of reference definition or when restricted to those specifying the origin of the sample as either blood or CSF (data not shown).
The effect of age, sex, state, and urban vs rural areas
The incidence is increasing with age, starting at ca 50 years of age ( Figure 2 ). It was nearly double among men compared with women (RR: 1.79, 95% CI: 1.74-1.85), with the exception of children and adults below 50 years of age. It differed by a factor of ca four between federal states, with generally higher incidences in northern states (Figure 3 ) as well as in urban vs rural areas (Figure 4 ).
Figure 3
Incidence of notified episodes of invasive meticillin- A decline in the MRSA incidence between 2012 and 2014 is found for most but not all strata of age, sex, and state, as well as for rural and urban areas (Figure 2 to 4). For example the decrease in incidence from 2013 to 2014 is seen in all strata of age and sex, except for women between 1 to 50 years of age (test for homogeneity: p = 0.01). Similarly, some states had even an increase in incidence in 2014 (Brandenburg, Bremen, Lower Saxony, Thuringia) or in 2013 (Brandenburg, Berlin, Hamburg, Lower Saxony, Mecklenburg-West Pomerania, Saxony-Anhalt) as compared with the preceding year (test for homogeneity for 2014 vs 2013: p = 0.005; for 2013 vs 2012: p = 0.003). These differences are not due to confounding since the age structure in Germany remained relatively stable during the time of the analysis and since the stratified and crude Mantel-Haenszel estimates were similar.
Outbreaks
As part of the notification for HA outbreaks, which are independent of the notification of invasive MRSA infections, a total of 95 outbreaks of MRSA were reported for the years 2012 to 2014. 
Discussion
This is the first trend analysis of the incidence of invasive MRSA infections including the complete population in Germany. We found that the annual incidence of notified invasive MRSA infections increased from 2010 until its peak in 2012 to 2013 before declining again in 2014. We additionally observed statistically different trends between German federal states and to a lesser extent between some categories of age and sex, suggesting different trends at local level and possibly for certain patient groups.
As with all passive surveillance systems, underreporting and effects due to changes in the reporting compliance cannot be excluded. Especially during the first years after the inclusion of MRSA in the national surveillance system underreporting and the number of data errors may have been high due to a lack of training and due to technical problems [12] . We therefore think that the increase in 2011, and possibly in 2012 may in part be due to a surveillance artefact and it may also explain changes in clinical symptoms, such as the increase of clinical sepsis. However, given an assumed stabilisation of the surveillance system we believe that the decline in 2014, even though small, is likely to be real. The decline in 2014 includes cases with clinical sepsis as well as those with sepsis and central vein catheter or other invasive access, which further corroborates this interpretation.
Germany has done much to control its MRSA epidemic. This includes the implementation of a national antibiotic resistance strategy (DART, 2008 updated 2015) (www.bmg.bund.de), the establishment of regional networks to combat multiresistant bacteria (since 2004 with the support of the Robert Koch Institute) [13] , the conduction of various screening programmes [14] [15] [16] , the adaption of respective clinical guidelines (http:// www.awmf.org), the development of antibiotic stewardship programmes, additional legislation on federal state levels, recommendations by the Robert Koch Institute concerning hospital hygiene (www.rki.de) and the establishment of various surveillance systems such as the mandatory reporting for invasive MRSA infections in 2009 and the antibiotic resistance surveillance (ARS) in 2007 [7] . It is therefore tempting to think that these interventions had some effect on the incidence of invasive MRSA infections. However, surveillance data are rarely suitable to prove causal links. We cannot exclude other causes, such as changes in the frequency of testing and biological mechanisms [17] . For example with additional testing, which is likely to have occurred due to an increased awareness of the possibility of antibiotic resistance, the number of detected and reported cases is likely to increase [18] . A biological factor possibly contributing to the decrease of MRSA in Germany is the reduction of epidemic clones throughout central Europe [19] , as well as shifts of epidemic strains found within Germany [20] .
The decline in the incidence of invasive MRSA infections reported here is smaller and occurred later than that suggested by other German surveillance systems. For example, in the laboratory-based ARS network the percentage of oxacillin resistance in blood culture collected from inpatients declined from a peak of 24% (95% CI: 22.5-27.0) in 2010 to 18.4% (95% CI: 16.5-20.3) in 2011 [7] and is currently at 13% (www.ars.rki. de). The EARS-net reported a decline in the proportion of MRSA among S. aureus isolates for Germany from 20.9% in 2010 to 12.8% in 2013 [1] , the triennial survey by the Paul Ehrlich Institute found a decline from 30.3% in 2007 to 16.7% in 2010 [21] and data from the hospital infections surveillance system (KISS) suggest a decline from 33% in 2007 to 27% in 2012 among nosocomial S. aureus infections [6] . This may in part be explained by the different indicators used and the possible non-representativeness of these voluntary systems, but more probably is due to the underreporting in the national reporting system in the first years. Thus a definite conclusion concerning the start of the decline cannot be made.
Despite the decrease in 2014, the incidence of 4.8 invasive MRSA infections per 100,000 persons in Germany is still higher than that in some neighbouring countries, such as Denmark (1 case of MRSA bacteraemia per 100,000 in 2014) [22] , western Sweden (one case of community onset MRSA blood stream infection between 2004 and 2008 for a catchment population of 256,000) [23] and England, where, after intensification of control mechanisms, a recent decline was reported [23, 25] , 61% of the patients with available hospitalisation and disease onset dates, had an onset before day three of hospitalisation, indicating that colonisation and infections may occur before hospitalisation possibly in the community. Furthermore, only 1% of cases were associated with outbreaks. While it is unclear, which proportion of MRSA infections is expected to be caused by outbreaks, we think that the notified number is a large underestimation, especially given the fact that only invasive infections are to be notified and detection of MRSA at other body sites is much more frequent. The increase in the number of reported outbreaks from 27 in 2012 to 38 in 2014 with a simultaneous decrease of the number of infected persons and an increase of colonised persons is however a promising sign, that more outbreaks are being detected and reported.
The mortality and case fatality rate of respectively 10% and 8% observed in this study were lower than those reported in the literature [26] [27] [28] . For example one study reported a case fatality rate of 22% for community-onset MRSA bacteraemia [28] and a multicentre prospective study in 13 European hospitals found a mortality for MRSA bloodstream infection of 36% [26] . We believe this to be due to the lack of a defined followup period in the German surveillance system. There are no strict rules for when the public health department should collect patient information including the treatment outcome. Therefore, the values presented here are likely to be underestimations.
The causes for the higher incidence among men are not clear, even though previously shown by other surveillance systems in Germany [4] and elsewhere [24] . In our data a difference according to sex becomes only apparent among older patients suggesting medical or behavioural factors in this age group as the key driver. More studies are however needed to better understand the underlying causes for this association. Similarly, studies are needed to investigate the causes for the higher incidence in the north of Germany.
The study has further limitations in addition to those already mentioned above. These include the absence of federal validation processes of the notification system, since communicable disease management is in the responsibility of the German federal states. A limitation is also the notification by patients' home addresses, which may not be the place of exposure. This may especially lead to an underestimation of the incidence in urban areas, if many patients from surrounding districts are treated in a nearby urban centre, but are notified for their home address. Finally, the number of software packages and versions available for the local public health office may result in different implementation of some variables, such as the clinical symptoms, which are difficult to understand retrospectively at the national level. Thus trends over time in some variables may be biased due to delayed updates of software or changes in the proportion of various software packages over time. Finally, the absence of a personal identifier does not allow identifying recurrent infections with certainty.
In summary, data from the national surveillance system corroborate previous reports that the incidence of MRSA infections in Germany may be declining. However, additional studies are needed to better understand its causes and to accelerate this still modest downward trend.
